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Abstract 
The total risk of a particular capital asset can be 
decomposed into two components the systematic risk and unsys-
tematic risk. The unsystematic risks are those risks which are 
specific in determining the return of the asset, such as good-
. 
will, management skills etc. The systematic risks represent 
those risks generated by the underlying economic forces which 
influence the returns of all the capital assets at the same time. 
-Given a well diversified portfolio, we can diversify all the 
unsystematic risks. Therefore, there are only systematic risks 
that the market has to compensate the investors for bearing them. 
Traditionally, the Capital Asset Pricing Model (CAPM) is used to 
measure the risks of different assets. There have been several 
works on the risk and return on the stocks in Hong Kong by 
adopting the CAPM model. This thesis is a preliminary work using 
an alternative model, the Arbitrage Pricing Theorem (APT), to 
measure the systematic risk. Several empirical tests have been 
performed in order to compare the APT and the CAPM. Our data set 
contains the daily closing prices of 32 Hang Seng Index constitu-
ent stocks and the Hang Seng Index itself from 1/12/1987 to 31/3/ 
1990. The results are quite encouraging. The APT is better than 
the CAPM in measuring the system risk. Chapter one and Two are 
used to present the CAPM and the APT respectively. Chapter Three 
states the empirical models. Four test~ have been conducted in 
this thesis. Test One and Two concern the APT itself. Test 
Three is used to compare the model specification of the APT in 
the presence of the CAPM. Test Four is a direct test between the 
APT and the CAPM. The result of the empirical work are reported 
in Chapter Four. We found that the APT is valid either in the 
presence of no alternative hypothesis or in the presence of 
alternative hypothesis, in our case, the "own" variance effect. 
But then in Test Three, we found that both the APT and the CAPM 
have model specification errors in the presence of each other. 
However, in Test Four, the results show us that the APT is much 
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CHAPTER 0 INTRODUCTION 
Modern finance theory shows that the total risk of an 
asset can be decomposed into two parts systematic risk and 
unsystematic risk. The unsystematic risks are those risks which 
are unique to a particular asset, such as goodwill, management 
skills etc .. The systematic risks, on the other hand, represent 
those risks generated by the underlying economic as well as 
political environment which influence the returns of all the 
capital assets at the same time. Given a well diversified port-
folio, we can diversify all the unsystematic risks. Therefore, 
there are only systematic risks that the market has to ~ompensate 
the investors for bearing them. 
Traditionally, the Capital Asset Pricing Model (CAPM) is 
used to measure the systematic risks of different assets. There 
also have been several works on the risk and return on the stocks 
in Hong Kong by adopting the CAPM model. However, even though the 
CAP M has been predominant in empirical work, accumulating re-
search has increasingly cast doubt on its ability to explain the 
cross-sectional difference in asset returns. The Arbitrage 
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Pricing Theory (APT), originally formulated by Ross and extended 
by Huberman, is an asset pricing model that offers a testable 
alternative to the well-known CAPM in explaining the cross-sec-
tional variation in asset returns. The APT begins wi th an as-
sumption on the return generating process. If the asset return is 
linearly related to the common factors and its own idiosyncratic 
components, then in a well-diversified, frictionless, and per-
fectly competi ti ve economy the no arbi trage condi tion requlres 
that the expected return be linearly related to the factor 
loadings which represent the influence of the common factors. In 
contrast to the CAPM, empirical evidence on the APT has been 
rather encouraging (see Roll and Ross(1980), Chen(1983), Dhrymes, 
Friend and Gultekin(1984), Lehmann and Modest(1988) ). On the 
contrary, it is hard for us to find a similar work using the APT 
in studying the Hong Kong stock market except for S.N.Lee (1989). 
However, Lee's work was focuses only on the Hotel sector and 
explici tly assumes the validi t .y of the APT as well as its advan-
tages over the" CAPM. He also specifies four common factors in 
addition to the market factor. But then, it is much better for 
us to test the APT and compare its performance with the CAPM by 
using the Hong Kong stock data rather than just assuming that it 
is true in our market. 
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This thesis is a preliminary work in this direction. 
Several empirical tests have been performed in order to compare 
the APT and the CAPM. Our data set contains the daily closing 
prices of 32 Hang Seng Index constituent stocks and the Hang Seng 
Index itself from 1/12/1987 to 31/3/1990. All prices are adjust-
ed to dividends and stock splits. 
In this paper, we will first derive the CAPM in chapter 
one and the APT in chapter two. We can see from these two chap-
ters that the APT and the CAPM are non-nested since they are the 
results from different assumptions. We will set up the empirical 
model in chapter threee In test 1, we perform the basic test. It 
concludes that one factor is definitely present in the expected 
returns of equities traded on the Hong Kong Stock Exchange during 
the period from 1/12/1987 to 31/3/1990. Test 2 is much more 
important and powerful than test 1 , where the APT is compared 
against a . specific alternative hypothesis that "own" variance 
influences expected returns. If the APT is true, the "own" vari-
ance should not be important, even though its sample value is 
known to be highly correlated cross-sectionally with sample mean 
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returns. We find that after accounting for the factor loadings, 
the "own" variance does not have any significant influence on the 
expected return. In our work, we also try to compare the empiri-
cal performance of the APT with that of the CAPM. In test 3, we 
try to see whether the APT is specified more correctly than the 
CAPM. In the presence of the CAPM, the APT seems to be specified 
better than the CAPM. However, if we change the role of the APT 
and the CAPM 
specified more 
in our analysis, we also find that the CAPM is 
correctly than the·APT. Therefore, by the model 
specification test, we cannot judge whether the APT is specified 
more correctly than the CAPM or not.In test 4, we directly com-
pare the APT with the CAPM. If the APT is better than the CAPM in 
measuring risk, then the residuals generated from the APT should 
not be explained by the CAPM. On the other hand, if the CAPM lS 
better than the APT, the residuals of the CAPM should not be 
explained by the APT. Our results show that the factor loading 
can explain the residuals of the CAPM significantly, while the 
converse is not true. Therefore the APT is better than the CAPM 
in capturing systematic risk. We summarize our findings in chap-
ter four. The conclusion is in chapter five. 
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Chapter One The CAPM and Its Deficiency 
The central idea of the capital asset pricing model 
(CAPM)is to determine the prices of capital assets under uncer-
tainty in a competitive equilibrium framework. In a competitive 
equilibrium, a set of prices is determined such that the aggre-
gate supply of capital assets equals aggregate demand. All 
investors will be satisfied with their optimal portfolio posi-
tions in equilibrium and there are no forCe~ in the economy for 
any change. Given the basic assumptions of the CAPM which will be 
listed, the model states that in equilibrium, the expected return 
, E(Rj) I on any asset j will be given by the equation(l) 
E (R (X j )) = Rp + A [cov (R (X j ) ,R (m) ) I 0 (R (m) ] 
where Rp is the risk-free rate of return. And 
A = [E(R(m)) - Rp]1 o(R(m)) is the market risk premium per 
unit of risk. E(R(m)) is the expected return on the market port-
folio which is defined to be any portfolio such that the weight, 
MKTjl of this portfolio equals the total market value of assets 
j's shares to the total market value of all the risky assets 
shares outstanding. o(R{m)) is the standard deviation of return 
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on the market portfolio, and Cov(R(X j ), R(m)) is the covariance 
between the return on asset j and the return on the market port-
folio. We now summarize the major assumptions of the CAPM and try 
to interpret the economic rationale behind that model. 
The model has two dates times 0 and 1. At time 1, the 
uncertainty in the economy is characterized by a state space n . 
A capital asset X 1S defined as it's dollar cash flows across all 
states· WeQat time 1, i.e. X(W) O---->IR. The set of assets that 
trade at time 0 is denoted by M. The price of any asset at Time 0 
is P(Xp ) ~ 0 therefore, the return on any asset XEM is well 
defined by R(X) = X-P(X)/P(X). And there is no inflation. 
A.I If assets x, y E M, then ax + by EM for all a, b E1R. i.e. 
the marketed assets are closed under the construction of portfo-
lio. 
A.2 All investors are single-period expected utility of return 
maximizers. Their utili ty function U (R) is ei ther in quadratic 
form or the returns follow a two-parameter probability density 
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function f(Rj; E(R), Var (R)) . Therefore, the expected utility 
will only depends on the expected return E(R) and the variance of 
R, Var(R). The investors will choose among alternative portfolios 
on the basis of E(R) and Var(R) (2). 
A.3 For all investors, their utili ty function satisfies the 
monotonicity assumption and has continuous second-order partial 
derivatives. Also the differentiation (up to the second order) 
under the expectation is a valid operation. 
A.4 All investors are risk-averse and are price takers. 
A.5 All investors can borrow or lend an unlimited amount at an 
exogenously given risk-free rate of interest RF . 
A.6 All investors have identical subjective estimates of the 
means, variances and covariances of return among all assets. 
Besides, the E (X2 ) is assumed to be less than infini ti ve, i . e. 
E(X2 ) < + ~ in order to guarantee the existence of means, vari-
ances and covariance(3). 
A.7 All assets are perfectly divisible and perfectly liquid, 
i.e. all assets are marketable and there are no transactions 
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costs, no taxes and no restrictions on short sales of any asset. 
A.8 The quantities of all assets are given and are strictly 
greater than zero, i.e. there are positive supply for any asset. 
By A.2, A.3 and A.4, the indifference curves on the 
mean-variance plane all have positive slopes and are concave 
upwards (4 ) 
In Fig 1, the shaded area represents all possible 
combinations of risk and return available from 
foR. 
risky assets for the investor. 
The portfolios lying on the boundary ABMD 
represent the set of mean-variance 
efficient portfolios (5) . A portfolio 
(W1 , ... , WK) of risky assets with an 
expected return of U is said to be 
satisfies for all portfolios (N l , ... , NK) such that 
U-E(L;l WjR(Xj )) -E(Lj~l NjR(Xj )) . 
a 
In other words, for a given expected return U, the mean-variance 
efficient portfolios minimizes the variance of the portfolio 1 s 
return over all portfolios having the same expected return. If we 
let U vary, we will get the set of the mean-variance efficient 
portfolios. Although we will not show that the set of points can 
be represented by a hyperbola as graphed in Pig 1, we can find 
the proof in a paper written by Merton(1972). The investor will 
only choose the efficient portfolios lying on the boundary BCMD 
since these portfolios give him the maximum expected return at a 
given variance(6). In the absence of risk-free asset, the optimal 
solution to the portfolio problem for the investor is point C, 
which represents the portfolio, where the indifference curve 11 
is tangent to the boundary BCMD. If there exists a risk-free 
asset, the investor will select among the portfolios which are 
the linear combinations of the risk-free asset and the risky 
asset portfolio M . We can see that all the mean-variance effi-
cient portfolios will be dominated by the portfolios lying on the 
lineRpMSsince these portfolios are having a higher or equal ex-
pected return for a given variance than the portfolios on the 
boundary BCMD. Therefore, in order to maximize the expected 
utility, the investors are inclined to choose the portfolio Rand 
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enjoy a higher expected utility represented by 1 2 . 
Before we go further, we should note that the risky 
assets portfolio must be the market portfolio otherwise the 
capital asset market will not be in equilibrium. A market portfo-
lio is a portfolio which consists of every assets and the market 
portfolio weight MKT j equals the total market value of asset jls 
shares to the total market value of all the risky asset shares, 
i . e. In general, if 
the optimal portfolio M does not contain every asset, ,then the 
prices of those assets which are not in the portfolio will go 
down. Therefore, they will become more attractive and the inves-
tors will be willing to include them in their portfolios. As a 
result, capital asset prices will continue to change until a set 
of prices is attained for which every asset enters the optimal 
portfolio, i.e. the market portfolio. (7) . 
Most important, however, is the result that the expect-
ed return of any portfolio lying on the line, for example Q, can 
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be expressed as a linear relationship with the expected return 
of the market portfolio. 
Suppose the investor i buys Nj i shares of the jth asset and j = 
o represent the riskless asset, then the total return in time 1 
is The expected return flow is 
E(R) and the variance of the cash 
. As a result, the 
investor's portfolio problem can be formulated as choosing the 
optimal amount of (NO' ... , NK) such that he can maximize his 
expected utility V(E(R), Var(R)). That is, Max. V(E(R), Var(R)) 
where the constraint is simply the budget constraint which states 
that the investor i can sell his endowed portfolio N. i in order ] 




For j=o, E(Xo ) = Xo and coy {Xo' XK)=O 
since j=o represents the risk-free asset. Therefore, 
).,=0 (aV( .) laER) (Xol P(Xo) ) =- (av(.) /aER) (l+RF ) 
can be rewritten as 
(2 ) 
and (1) 
av(.) /aER] E(Xj ) + [aV(.) laVarR] (2LKNlcov(xj,XK)) - [av(.) laER] [Xolp(xo)] -P(Xj ). 
~[ ·aV(.) /aER ] I E(Xj ) I P(Xj ) ] - [ av(. ) /aER ] [ xol P(Xo ) ] 
= 0 
+ 2 (aV(.) laVarR) = 0 
~[ aV( . ) laER ] [ ] 
=*E(R (Xj ) -RF ) =A i (L K Nl P(XK) Cov(R (Xj ) ,R (XK) ) ) (3) 
where A i=-2 [ (aV( . ) laVarR) /aV( .) /aER) ] 
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where and 
we will show that ~K NjP(xK)*o in the Appendix. L.JK-l 
Note that L:'l WjCOV(R(Xj ) ,R(XK)) -COV('L:-l WjR(X) ,R(XK)) 
-Cov(R (m) ,R (Xj ) ) 
. where R{m) is the return on the optimal portfolio which is also 
the market portfolio. Therefore 
,,~ wl E(R (XJ.) ) -Rp L..--J-l 
~K . 




L j~ 1 w} Co v (R (m) , R (X j) ) := Co V ( R (m) , R (m) ) =c Va r (R (m) ) 




N/P(Xk ) -E(R(m)) -RF/Var(Rm) substitute into (4) 
We get E(R (Xj ) ) =RF+ (E(R (m) ) -RF/var (R (m)) Cov(R (111) ,R (Xj ) ) 
-RF+Acov(R (m) ,R (Xj ) ) \lj-1, ... ,K. 
Although this result still depends on i, however, we will show in 
the Appendix that this formula is in fact independent of i. 
Therefore, we have proved the fundamental result of the CAPM 
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which states that the equilibrium expected return on any asset is 
equal to the riskless rate of return plus a risk premium which is 
the product of market risk premium and the risk of the j th 
asset as measured by cov(R(m), (R(Xj»/(var(R(m». This result is 
appealing since we know that through diversification, some of the 
risks specific to the asset can be avoided, therefore, the total 
variance or the total risk of this asset is not the relevant 
measure of its risk. It is that part of an asset's risk which is 
due to its correlation with the return on the market portfolio 
which cannot be diversified (8). Since the market ~portfolio 
includes all the assets, we can percieve that the return of the 
market portfolio is influenced by common economic activities. 
Since we can not diversify the risk of the economy as a whole, 
investors have to pay a premium in order to avoid this inescapa-
ble risk which is represented by the covariance of an asset with 
the market portfolio. 
Even though the CAPM provides us with a better concept 
and tool in measuring the risk of different assets, this model is 
still subject to criticisms on its testability. (9) The central 
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difficulty in testing this model comes from the fact that the 
efficient market portfolio and the CAPM are joint hypothesis 
which are not separable. This is because if the market portfolio 
is not mean-variance efficient, then the equilibrium condition of 
the capital assets will not necessarily hold. Therefore, if we 
really want to know the validity of the CAPM, we have to know 
whether the true market portfolio is mean-variance efficient or 
not. However, not all the traded asgets have easily accessible or 
published price data. Also the market portfolio contains all 'the 
assets including marketable and nonmarketable ones, thus making 
it impossible to observe the return on this portfolio(lO). Some 
economists try to test the CAPM by employing a proxy for the 
market portfolio and test the model with respect to a subset of 
all the assets. But this kind of test can only verify whether the 
market proxy is efficient or not. The results of these tests tell 
us nothing about the true market portfolios (11) . Therefore, we 
still leave the problem unsolved. As a result, the test of the 
CAPM will be very inconclusive, because we may reject the CAPM 
while it is true or we may accept it while it is wrong. Despite 
the problem of testability, the CAPM still gains a lot of the 
attention from the public. The major reasons behind this 
phenomenon are that firstly, the CAPM gives us a simple nice 
interpretation in the measurement of risk. Secondly, also the 
most important, is that the CAPM gives us a simple linear model 
of the risk of economy. It is easy to employ it to form corporate 
policies and do empirical research on this model. Therefore, it 
will be interesting if we can find a model which retains the 
simple linear feature and at the same time offers us a testable 
alternative to the capital asset pricing model. The arbitrage 
pricing theory {APT} which will be discussed in the next chapter 
gives us the answer. 
16 
APPENDIX 1 
Proposi tion 1 : In equilibrium, the investors will choose an 





A i =-2(aV(E(R) ,Var(R)/aVar(R))/(aV(E(R) ,Var(R))/aE(R))>O 
It can be rewrited as R = CB where R is the matrix of 
E(R(Xj)-Rp ). C is the covariance matrix and B is the matrix of 
since Xl, ... XK are linearly independent therefore C 
is nonsingular. Hence C-1 R=B. 
Let e ij to be the(i,j) th elementof C-1 , then we get 
Lj~l e~[ (E(R(Xj )) -RF ) - A iN)p(XK ) 
since the left hand side of this equation depends only on the 
probability belief which is assumed to be homogeneous. Among all 
the investors, therefore, the sign of AiNK
i P(XK) is the same as 
the sign of AjNKj P(XK) for all i and j. Together with the fact 
that Ai, Aj, P(XK) are all greater than zero. We know 
tha t if NR i > 0 then NKj > 0 which is true for all K=1, .... , K. 
Since at equilibrium 
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Therefore, investor i should hold positive amount of asset K, 
. N i 0 l.e. K > . This implies that all other investors hold a 
positive amount of asset K and this is true for all assets. 
Proposition 2. Since w1 is independent of i, therefore the result 
of the CAPM is also independent of i(15). Since 
L;-:. exJ[E(R(Xj ) -RF ) ] -A iN/p(XK ) 
.il i .. [E(R (m) ) -Rp] / [Var (R (m) ) L KNjp (X
K
) 
sothatL j e ij [E(R (Xj ) -Rp) -wl E(R (Xj ) -RF ) /Var (Rm) Vj-l, ... , K 
i Therefore we get K equation and K unknowns ,Wx , Note that the 
solution, wi will be independent of i. 
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Proposition 3, the weight of the optimal portfolio 
is the same as the weight of the market portfolio MKTK4 
Since 
the result of the market equilibrium. 
by proposition 1 
As a result, by propositions 1, 2 and 3 we know that, in equi-
librium, all investors will hold the market portfolio which is 
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Chapter Two The APT and Its Advantages Over The CAPM 
The Arbitrage Pricing Theory(APT) rests on a simple 
fact that when the asset market is in equilibrium, there does not 
exist any arbitrage opportunity. We have to notice that no 
arbitrage opportunity is only the necessary condition for equi-
librium to exist and the APT is simply derived from the no arbi-
trage situation. That is to say, the APT does not only hold for 
equilibrium situation, but it is also valid for disequilibrium 
situation. The basic idea behind the APT 1S that when an asset 
does not have any risk, then this asset should only earn the 
riskless rate of return, RF . In other words, if the asset does 
not bear any risk and costs us nothing, then it will not have any 
return(l). Supposing that the returns of these assets are great-
er than zero, then every investor can get infinite money by 
holding them. No arbitrage opportunity tries to preclude this 
kind of situation. On the other hand, the total risk of a risky 
asset can be decomposed into two components, systematic risk and 
idiosyncratic risk(2). The APT asserts that systematic risk is 
caused by several common factors which represent the underlying 
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economic forces that affect the return of every asset systemati-
cally. Idiosyncratic risk, on the contrary, only reflects the 
influence of the factors which are specific to a particular 
asset. Therefore, we can diversify the idiosyncratic risk by 
forming well-diversified portfolios. However, there is no way to 
diversify the systematic risk and it will be borne by the inves-
tors. As a result, the excess expected return, the expected 
return minus Rp, of any risky asset should only reflect the risk 
premium of those common factors. The market should compensate 
the investors in bearing the systematic risk. Before we go to 
the formal model of the APT, it is better to grasp some basic 
features of APT by studying a simple formulation of it(3). Sup-
pose the return of asset i is generated by a linear stochastic 
process. 
i.e. R{Xi) = E(Xi) + BiP + Ui i=l, ... ,n 
in matrix notation, R(X)nxl = E(X)nxl + Bnx1Flx1 + Unx1 
The random return of asset i, R(Xi ), is linearly related to one 
common factor, F, and the specific factor, Ui. Now we form an 
arbitrage portfolio, N , which does not have any risk, and uses 
no wealth N'e = 0 where e is a vector matrix of 1. In other 
23 
words, the wealth invested long in assets is exactly balanced by 
the amount borrowed from short sales. As a result, the return on 
this portfolio is given by N'R(X) = N'E(X) + N'BF + N'U = N'E(X) 
We can always choose the arbitrage portfolio in such a way that 
it is well diversified and it eliminates all the systematic risk. 
Together with the fact that their portfolio does not use any 
wealth, it follows that its return, N'E(X) = O. If this does not 
hold, we will be able to obtain arbitrarily large return by 
simple scaling up the arbitrage portfolio. This is incompatible 
wi th the absence of arbi trage, let alone equilibrium. Since N 
are orthogonal to e and Bare orthogonal to E, therefore E must 
be a linear combination of e and B. Hence, there are constants E 
and a such that for all i, 
E· = EO +aB· 1 1 
Consider the following example. Suppose we have three assets 
which do not have any idiosyncratic risk and are jointly affected 
by one common factor. Their expected return and associated 
systematic risk are graphed in Fig 1.The APT simply says that 
when there is no arbitrage opportunity,these three points should 
24 
BI t 83 ::. 0 
8, + :2..S:l.::' 0 
E-, 
8-, 
In Fig 1, they do not lie on a single line. By investing the 
same amount of wealth in asset 1 and 3, we can form a portfolio 
earning the riskless rate of return, E13. However, By combining 
the first and second assets with investments of 1/3 and 2/3 of 
weal th respectively we obtain the riskless return E12 which is 
higher than E13. Therefore, If we sell short the E13 portfolio 
and go long in the E12 portfolio, we can receive arbitrarily high 
return without risk and cost. To prevent this we must have E12 = 
E13. In other words, the three points should lie on the same 
line. In concluding, the APT states that when there is no arbi-
trage opportunity and the asset return is following a linear 
generation process, then the expected return of this asset should 
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be linearly related to the risk-free rate and the factor loading 
of the common factors. This result is not dependent on the 
equilibrium condition, therefore, the APT can hold under equi-
librium as well as disequilibrium conditions.The basic setting of 
the model is quite the same as the CAPM in Chapter 1(4). The 
model has two dates, time 0 and 1. At time 1, the uncertainty in 
the economy is characterized by a state space Q. An asset X is 
defined as its dollar cash flows across all state Wen at 
t i m el, i. e. X ( W) Q->1R., 
The set of assets that trade at time 0 is denoted by M • The 
price of any asset at time 0 is P(X) ~ 0, therefore, the return 
on any assetXeM is well defined by R(X) = [X-P(X)] / P(X) and 
there is no inflation. 
However, we can price some subset of M with the known 
prices of another subset of M . In fact, the asset in the alge-
braic basis will form the fundamental set of traded asset from 
which all other traded assets will be priced. The algebraic 
basis is the minimal set of asset {Xg}~G 
are linearly independent to each other. 
The X's in this set 
Therefore, given an 
asset X in M, it can be constructed in a unique way as a finite 
26 
asset portfolio of the minimal set (x)~G 
If the price is following the value additivity which will be 
shown later as equivalent to no arbitrage opportunities, then 
p(X ) -LgeGNgP(Xg ) 
As a result, if we know the price of the basis assets, then we 
can price all other assets in M. Before we go to the details of 
the assumptions of the model, it is better for us to know pre-
cisely what is meant by arbitrage opportunities. There are two 
kinds of arbitrage opportunities. The finite and infinite asset 
arbitrage opportunities. (5) A finite asset arbitrage opportunity 
is a portfolio Li~oNiXi e M such that anyone 
of the following four conditions is satisfied 
(2) For some i, Prob i 
(3) (a) 
(b) Prob i 
(c) Prob i ( 
"n NJ'X J' = 0 ) = 1 and Ltj-O 
and for some i 
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( 4 ) (a) I:;- 0 N j P (X j ) ~ 0 and for some i 
(b) Prob i Ljn_o NjX j ~ 0 = 1 and 
(c) Prob i I:
n N·X· j-O J J < 0 
) o . 
condition 1 states that an arbitrage opportunity is a portfolio 
whose price as a package differs from the prices of the assets 
purchased separately and then combined. Suppose 
P ( . ~~ N·X·) < L;J-o J J L;_ON jP (X j ) 
then we can make infinite profit by short selling Nj shares of 
Xjl for j=O, K, separately and by the package; 
Condition 2 says that the time 1 cash flow of the portfolio,~~ N:X . 
L-;J-O J J 
is zero with probability 1. But the time 0 price of this _portfo-
lio is non zero. Suppose P( 
would short this package, generating P( 'I::-oNjX j ) as a cash flow 
at time 0 but then he does not bear any liability in time 1. 
,. 
This is a money pump! We next consider (3) and (4). Since these 
conditions are similar, we only concentrate on condition (4). 
Condition (4a) state that the cash flow to purchasing Nj shares 
units of Xj for j=O, K at time 0 is zero or positive. By 
(4b), the portfolio will never have a positive cash flow in time 
1 and with positive probability it has a non-positive cash flow 
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at time 1 (4c) . This is a probabilistic money pump! It can be 
shown that by holding this portfolio, the investor can increase 
his utility at no risk and without cost(6). In fact, arbitrage 
opportunity can be perceived as a utility-increasing trading 
strategy that do not bring any risk. On the other hand, The 
infini te asset arbi trage opportuni ties refers to the following 
situation : 
For some investor s, for all nand 
limn _)· 00 Var s ( 
~n n ~j-O Wj (Xj)) = 0 
(~n W!1R(X.)) = K) RF . This condition states ~j-O J ] 
that if for some investor, a sequence of portfolios exists with a 
positive investment; ~~ Wj-l and a variance that goes to zero, L.,;J-o 
but the expected return of the limiting portfolio is higher than 
the riskless rate, then a smart investor can have sure return, 
K- RF ) 0 without incurring any cost and risk. The investor can 
simply borrow fund at the risk-free rate and reinvest the fund 
into the ab6ve sequence of portfolios. The definition simply 
extends the finite arbitrage opportunity from finite asset port-
folio to infinite asset portfolio. It is easy to show that the 
existence of infinite arbitrage opportunity gives a chance for 
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the investor to increase his utility at no cost and no risk(7). 
Since some of the basic assumptions in deriving the APT 
are the same as those used in the CAPM, therefore, we will only 
state them by their corresponding symbols. The other new as-
sumptions will be discussed in details. 
A.1 The marketed assets are closed under the construction of 
portfolio and it consists of all finite portfolios using the 
00 
countable set of primary assets {Xj}j=1 and Xc , the risk-free 
asset eM. This assumption guarantee that there is at most a 
countably infinite number of primary assets. The idea of this 
assumption is to approximate the actual economy with an economy 
in which there are a countably infinite number of primary assets. 
We have to notice that M needs not include all assets. In fact, 
the traded assets studied, M , can even be a subset of all the 
"traded" assets. 
A.2 The utili ty function satisfies the monotonici ty assumption 
and has continuous second-order partial deri vati ves. Also the 
differentiation (up to the second order) under the expectation 
operator is a valid operation. The utility function only depends 
on the cash flow in time 1. 
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A.3 All investors are price takers. 
A.4 All investors can borrow or lend an unlimited amount at an 
exogenously given risk-free rate of interest Rp. 
-A.5 Given an event H, Probi(H}=O if and only if Probj(H}=O for 
all investors i, j. This assumption states that investors agree 
on zero probability events. It implies that they need not agree 
on expected values or variance of the asset's cash flow. 
A.6 Par any traded asset X eM, E (X2) < + 00 - for all investors. 
A.7 All assets are perfectly divisible and perfectly liquid. 
A.8 No finite arbitrage opportunity 
A.9 No infinite arbitrage opportunity. 
A.lO There is no inflation in our model 
A.ll Linear factor hypothesis 
R (X j) = Rp + L: :-1 A j k (f K - Rp) + 
j = 1,2, ... , 
and Covs (UiUj) = 0 if i = j, and for all investors s. 
and Vars( < 02 for all j and s where. R (X j )1 
is the rate of return on the jth primary assets; R~ is the risk 
free rate of return. fK is the return on the kth common factor. 
i.e. this return is common to all primary assets.Uj is the return 
. specific to asset X j. Ajk is the coefficient. This assumption 
states that the return on any primary asset is generated from a 
linear process. This process contains the risk free rate, the 
common factors which affect all the assets systematically and the 
residual which represents the specific factors influencing a 
particular asset. 
Given assumptions AI-A5 and A7-AIO, we can demonstrate 
that the return on any primary asset can be expressed as a linear 
combination of the return on the basic assets. 
Theorm 1 : R(Xj) = 'E~G 9rXj)R(Xg) j=1,2,... for a 
finite number of primary asset. ' Where " ... g(Xj ) . - Ng(Xj ) P(Xg)/'EgeGJ.VgP(Xg) 
and only a finite number of . ~ _g~O and" :'Ag(X .)-l 
.i-JgeG J 
Proof. Suppose that there is a portfolio, N, consisting of all 
the basis assets {Xg } :geG , g= 1 , 2 , ... , 00 , then the 
rate of return of this portfolio is 
P(Xg ) > 0 Therefore, the rate of return of N is well defined. 
= 
= 
by A.l Any primary asset can be written as a linear combination 
of the basis assets X· = l 
number of Ng{Xi) \ 0 
R (Xi) = 'LgeG )... g R (Xg ) 
R (Xi) = Rp+ Lg€G).. g.(R (Xg) -R F ) 
and E s (R ( Xi )) = R F + 2:ge,;. ',1. g (E s ( R ( X g) ) R F) 
where )..g(X i ) *0 for only a finite number of geG 
As a result, The excess return on any primary asset can be ex-
pressed as a finite linear combination of the excess expected 
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return on the basis assets. Now, we can split the basic assets 
into two sets. The return on the first k basis assets are (fg) 
9 = 1, ... K. and the return on the other set of basis assets is 
Therefore 
By A.11 there is only one coefficient of Uj which is not equal to 
zero and there is no restriction on the coefficient of the f g . 
Therefore, A.11 just puts some restriction on Thm.1 . i.e. 
8 .. (U· - RF ) 1J J 
From the above assumptions, we can develop the APT which states 
that on the average, the expected return on any primary asset can 
be expressed as a linear combination of the excess return on the 
common factors. 
Proof : We firs t prove tha t limn_ CD Lj~l Si j (Es (U j) -RF ) 2 < + ()O 
Suppose not,then Lj~l 8ij(Es (U j )-RF )2 = +00 for some investor 
s . For convenience, let the return on Xj equal fj for j = 
1, ... K. This is without loss of generality since we could 
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always increase the set of primary assets and then renumber them. 
Now, choose n > k and form the portfolio sequence. 
for i = k + 1, 00 • •• I 
1, ... , K 
".t' f j = R j for j = 1, .... , K 
... 
.. 
Uj = Rj for j = K+l, ... , n 
,.
..1. ~~_K~lR (Xl' ) W
1
, n = ~n W n R rn W n ~K L.J.. ... l-Ji-K+l i F+ ~i-K+l i L.Jj-l 
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+ . W, U' I: n n j-K+l J J 
A . ,(f '-RF ) 1J J 
"n n ~K "n n "n n L.Ji-K+l Wi ' £'-'j-1 Ai j (f i-Rp) = ~i.K+l R (Xi) Wi - L..-Ji-K+l Wi RF 
~;-K+l Win 8 ii (U i - RF ) 
rjn.o WinR j = Rp £;.K+l R{Xi)Wi n £:_K+~inRF + r;-K+l Win Bii (Ui - Rp) 
+'E;_K+1W i
n (U j - Rp) 
.• . 
• 
= Rp - "n W, n (UJ' - RF ) + r]~-K+l WJ,n (UJ' - Rp) + L..-Ji-K+l 1 
~ nW , n 8" (U, - Rp) 
£'-'i-K+l J 11 l 




Also vars<E;_owjnR(X j )) = ~;_K+l(Win)2 Vars( e ' , (U, - RF )) 11 1 
by A. 11 V a r s { ~;-o W j n R (X j )) < a 2 r:-K+l 
= 0 as n-co 
2 8 ' , 11 
.. . Contradicts the no infinite asset arbitrage opportunity 
assumption 
Since 
Most of the terms in the sum must be close to zero. 
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On the average, e j (Es (U j) - Rp)" • 0 
~~ ~J'{ES(fK) - Rp) 
L-J - 1 
VS. 
In other words, E{f K)) - Rp can be interpreted as the 
factor risk premium(8). This refers to the excess return the 
market has to give to the investor in order to compensate the 
investor for bearing this systematic risk, and ~j is the coeffi-
cient called factor loading, which reflects the influence of 
factor j in the return of asset i. Since the primary assets can 
span M, if all investors believe the linear generation process, 
and when there is no arbitrage opportunity, then, to all inves-
tors, the expected return on any asset in M will be a linear 
combination of the factor loadings. This result will hold even 
in disequilibrium situation. However, if we add some equilibrium 
conditions on the above model, we can show that to all investors 
and for all assets, the excess return on any asset is a linear 
combination of the factor loadings (9). 
V i and j. 
Some of the assumptions above have to be modified and 
some new assumptions have to be added before we have this much 
stronger resul t. We call it the equilibrium version of APT 
(equi. APT). The assumptions which have to be modified are: 
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A.5 Given an event H, Probi(H) = Probj(H) for all investors i and 
j, i.e. all investors agree on the expected value and covariance 
of the assets' cash flow. 
A.ll We impose on e more restriction on the linear factor hypoth-
esis. We require that the f k , Ui' Uj are statistically independ-
ent for all i, j, k. 
The new assumptions that have to included are 
A.12 All investors are risk averse and the investor's risk aver-
sion is uniformly bounded by a constant 1V i , which is inde.pendent 
of the particular economy n. Since the local measure of the ith 
investor's risk aversion is 
- [E(cJ2V i (C/)) fact] /E(a2 v i (Cl i ) /aCl ) 
therefore this assumption requires that 
- a2 Vi ( Cl i + 0:) / (J2 et / E ( a Vi ( C/) / aCl ) ~ w i 
A.13 We would like to use a sequence of market to approach the 
market economy. For example, Mn +1 contains n+I assets and the 
n+lth asset is not included in Mn. Also, we require that there 
exists a finite basis set of traded assets e Mn where 
m<n. 
Given the above assumptions, we can show that every investor 
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holds a portfolio containing all the traded basis assets 
j=l, ••• , m (10) In other words, investors hold diversified 
portfolios. Before we prove the equi. APT, we would like to 
state that the residual excess expected return is nonzero and is 
bounded above by a constant{ll). i.e. 
and ~ is a constant. 
Therefore, if lim MKT
J
• (m) = 0 for . k+l J= , ... ,00 
In other words, if the jth basis asset constitutes an insignifi-
cant part of the market portfolio MKTj(m)=O , then its idiosyn-
cratic risk is diversifiable and it receives approximately zero 
excess expected return in equilibrium. As a resul t, for every 
primary asset j. 
However, this stronger result is only valid in equilibrium. 
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Some economists argue that the CAPM is just a special 
case of the APT. They treat the market portfolio as the only 
common factor in the APT and write the factor loading as the 
CAPM beta. i.e. (E(R(Xj)) = Rp + Sj(E(R(m)) - Rp). Here E(R((m)) 
is the expected return on the market portfolio while Sj is 
/ Var (Rm) 
However, these two theories in fact are based on quite different 
assumptions. So we cannot draw the conclusion that CAPM is a 
special case of the APT. In fact, based only the assumptions of 
APT, one cannot derive the CAPM. 
Apart from this, the APT still has several advantages 
over the CAPM. As . we can see from above that the major conclu-
sion of the APT holds not only in equilibrium condition but also 
in disequilibrium conditions. However, the CAPM is only and 
equilibrium model. Besides, the market portfolio does not play 
any particular role in the APT as it does in the CAPM. Purther-
more, in the equi APT, all investors will hold a well diversified 
market portfolio. But them, the weights of different assets in 
this portfolio are not the same for different investors. These 
differences in portfolio composition persist due to differences 
in preferences. This contrasts with the CAPM, where in equilib-
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rium, by the mean-variance assumption all investors hold the same 
co m bin a t ion 0 f the m ark e t po r t f 0 I i 0 and the r i skI e s s 
asset(12) .Since the CAPM and APT are derived from different as-
sumptions, on theoretical ground, it is hard to justify which one 
- is better. Therefore, the only way to compare them is by their 
explanatory power which forms one of our tests in the following 
section. 
The testability of the APT is still very controversial 
among economists. In a strict sense, the weaker form of APT is 
-





in testing the APT, we have to examine infinite assets. It is 
impossible in practice. However, if we use the equilibrium 
version of the APT even though the assumption is much stronger, 
the theory is potentially testable(13). Since the equi. APT has 
a finite asset economy analogy, the upper bound of the excess 
return on the residual for finite assets is potentially testable. 
Evidence consistent with the this statement would support the 
finite asset equilibrium version of the APT. In fact, our empir-




(1) Ross, S.A. (1977) pp.189-190 
(2) Copeland and Weston (1988) pp.198-199 
(3) See Ross.S.A. (1977) 
(4) See Jarrow, Robert A. (1988) Ch.8-9. 
(5) Jarrow, Robert A. (1988) pp.94-100, pp.117-118 
(6) Jarrow, Robert A. (1988) pp.104-108 
(7) Jarrow. Robert A. (1988) pp.121-125 
(8) See Admati and Pfleiderer (1985) 
See Jarrow, Robert A. (1988) Ch. 18 
Jarrow. Robert A. (1988) pp. 270, pp.276-277 
Jarrow. Robert A. (1988) pp. 271, pp.277-278 





(13) Jarrow, Robert A. (1988) pp.273-274 
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Chapter Three The Empirical Models 
Roll and Ross (1980) is perhaps the first influential 
empirical study of the APT. They used the daily returns of 1260 
securities (42 groups of 30 each) listed on the New York or 
American Exchanges from 1962 to 1972 in order to test the APT. 
They found at least three and probably four "priced" factors 
in the return generating process and the expected returns depend 
on the estimated factor loadings. They also compared the APT with 
the "own" variance effect and they concluded that "own" standard 
deviation does not add any further explanatory power to that of 
the factor loadings. Similar resul ts were daily return data 
during the 1963 - 78 period, they found that not only the "own" 
variance effect but also the firm size effect do not contribute 
additional explanatory power to that of the factor loadings. He 
also found that the APT performs well in comparing to the CPAM. 
Bower, Bower and Logue(1984) by using the monthly data of all 
stocks continuously traded on the New York and American Stock 
Exchanges during the 1971-1979 periods, they also found that the 
APT is better than the CAPM in explaining and forecasting return 
variations through time and across assets However, 
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the work conducted by Lehmann and Modest(1988) was having result 
which is quite different from the others. They found that the APT 
cannot account for the firm size effect. Nevertheless, they still 
found that the APT provides an adequate account for the "own" 
'variance and the dividend-yield effects where the CAPM fails. 
Therefore, they concluded that the APT is pricing most listed 
equities with little errors in comparing with the CAPM. 
To my knowledge, K.N.Lee(1989) is the first work in 
adapting the APT to measure the systematic risk associated with 
the Hotel Industry in Hong Kong. He explicitly specified that 
there are four common factors exist in the Hotel sector. They are 
the industrial production rate of UeS. and Japan, the exchange 
rate, the concentration ratio of hotel industry and the political 
environment. However, He assumed that the market structure is 
constant and the political environment is stable over the sample 
period. As a result he only took into account the CAPM market 
index, the industrial production and the exchange rate into this 
model. Because of the problem of multicollinearity, he combined 
the industrial production and the exchange rate into an industry 
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index. He then regressed the Hotel index on the market index as 
well as the industry index. From his work, he concluded that 
there exist other explanatory variables besides the CAPM market 
index in explaining the return on hotel stock. Therefore, the 
linear factor model, it is to say the APT, is better than the 
CAPM in measuring the systematic risk on hotel stock. However in 
interpreting his findings, we have to bear in mind that he was 
implici tly assuming that the idiosyncratic risks obey the Ross 
separating distribution (See WEI(1988)). Since it is quite diffi-
cult to test whether the above assumption is fulfilled or not, it 
is better to use other convenience method such as the one sug-
gested by CHEN(1983) to compare the performance of the APT and 
the CAPM. Besides, although it is worthwhile for us to identify 
the common factors, the more fundamental questions are whether 
the APT is suitable in applying to our stock market and what is 
the number of the common factors. Our empirical models are devot-
ed to answering these basic questions. 
Although there are a total 33 constituent stocks in the 
Hang Seng Index, we only select 32 stocks in our analysis since 
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TVB have missing values during our sample period. We collect 
the daily closing prices of these stocks listed on the Hong Kong 
Stock Exchange from 1/12/1987 to 31/3/1990. Since all stock 
prices are adjusted for dividends and stock splits. (1), therefore 
we calculate the daily returns of these stocks simply as their 
capital gains, i.e. where Rt is the 
return on date t, Pt-1 and Pt are the prices of this asset on 
date t-1 and date t respectively. We have to notice that in using 
the daily closing prices, we lose the information about the 
price fluctuation within a date. It is better to use the average 
of the high and the low price of the date instead of the closing 
price. However, due to the budget constraint of this study, we 
choose the closing price. In fact, a lot of the empirical work 
concernlng the Hong Kong stock market also used the daily clos-
ing prices (see Law(1982), Wong and Kwong(1984), P.M. Chan 
(1990)). In obtaining the CAPM Beta for different stocks, we 
adopt the Hang Seng Index as proxy for the market index. We 
choose the Hang Seng index since it has consistently represented 
about 75% to 80% of the market in terms of market value as well 
as turnover and it is widely accepted. Therefore, it could 
fairly be regarded as 
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representative of the market(2). 
The equilibrium version of the APT and CAPM are the 
basic models that will be tested using data on equity daily rates 
of return for 32 listed stocks in the Hong Kong Stock Exchange. 
The APT states that if asset returns follow a linear generating 
process, then the expected returns of these assets will be ap-















( 2 ) 
the random rate of return on asset i~ 
the expected rate of return on asset i. 
the factor loading of the common factor j to the 
asset i. This is used to measure the sensitivity 
of that asset to the change of the common factor 
j . 
normalized common factor j with variance equal to 




e . ~ 
,l.,. 
J 
: this is used to measure the unsystematic risk which 
is idiosyncratic to the ith asset. It is supposed to 
be a noise term and can be diversified. 
-
As we s ta ted in Ch. 2, A j can be in terpreted as 
the risk premium of the common factor j. This 
parameter reflects the excess return on the jth 
common factor. 
i.e. Aj = E(f j ) - RF , where Rp is the risk free 
rate of return and AO is corresponding - to RF . 
We rewrite equation (2) as an exact equalitYe 
i.e. E = R +" K A. ·b . . i F L.,;j-l ~] ~] (3 ) 
Equation 3 forms the basis of our empirical test on the APT. 
On the other hand the CAPM states that the expected 
return is linearly related to the return on the market portfolio. 








E· 1 is the expected return · on the ith asset. 
RF is the risk-free rate of return. 
A is the market risk premium per unit of risk. 
i.e. A_(E(R(m))-R~/aR(m) 
R· is the random rate of return on asset i. ) 
(v) R(m) is the random rate of return on the market 
portfolio. 
Equation 4 forms the basis for our empirical test on 
In deriving the CAPM as well as the equilibrium APT, we 
assume that investors have homogeneous belief. Therefore, inves-
tors agree on the rate of return, the factor coefficient, the 
expected return together with the variance and covariance of the 
return. As a result, the pricing equation which holds for the 
individual will hold at the market level as well. Besides, this 
result permits us to use the ex post data to test these ex ante 
theories. 
The stages involved in testing the APT are outlined as 
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follows (3) 
(1) For a group of assets; (in this case, a group of 32 selected 
stocks) I we compute the sample covariance matrix from the 
time series of return. 
(2) We apply the maximum likelihood factor analysis on this 
covariance matrix in order to estimate the factor loading 
b· . as well as the number of common factors. 1J 
(3) The individual asset factor loading estimates from the 
previous step are used to explain the cross-sectional varia-
tion of individual estimated expected returns. 
(4) Estimates from the previous step are used to measure the 
statistical significance of risk premia associated with the 
estimated factors. 
We prefer the maximum likelihood factor analysis method 
since (i) more is known about its statistical properties and (ii) 
this method provides the capability of estimating the number of 




The first hypothesis to be tested is the pricing equa-
Ho A -1 - = ). K =0 
Hl at least one of ,them is -not equal to zero 
The factor model of APT can be written in matrix form, as 
Rt = E+Ba c+Ec 
E-Ao+BA 
and the arbitrage pricing theory 
Therefore, the regression model is 
RC-AO+BA+Ut 
(5) 
where Ut is the disturbance at date t and B is obtained from 
step 2. 
It might seen natural to test this hypothesis by first 
using the ari thmetic mean return of Rt , say 'R t to estimate the 
expected return E and then regress the estimated expected return 
on the factor loading by using a simple OLS cross - sectional 
regression. However, this procedure might produce result that is 
biased towards the alternative hypothesis. It is to say, we might 
find risk premia for "priced" factors, even when their true prices 
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are actually zero. Since the average value of at, say o-2:t f!·t/ T 
is not be exactly zero in any sample. Therefore, the cross sec-
tional regression (5) should be written as 
<=> 
-
.... A ...... A 
R-B(]...+a)+E 
R-BA+E 
so that E ( A. ) = }. + .0 . It follows that so -long as a is not 
exactly zero, E ( A ) \= 0 even when }. = . 0 
To correct this problem, we have employed a method analogous to 
that of Roll and Ross (1980). 
Since if the APT is true, 
Rc-Ao+B}"+Ba c+Ec 
<=> R -}.. +B}..+ (Ba c+Ec) c 0 
, therefore 
(6) 
We estimate a cros~-~ectional regression like (6) for 
every time period ;t. Rc-BA c+Et; ~ t; . 
and then use the time series of At to estimate the standard error 
of the average value of A. This yields an inference about wheth-
er the true A is non-zero(5). 
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The second test performed on the APT is the test of the 
APT against a specific alternative(6). If the APT is correct, 
the cross-sectional variation in the expected return should be 
fully explained by the common factors. Therefore, if we find a 
variable which still has significant influence on the expected 
return even when the effects of the common factors are accounted 
for, then we can reject the null hypothesis that APT is true. 
This test is stronger than the first test since it involves an 
alternative hypothesis stating that other factors have signifi~ 
cant effects on the expected return. In this test we choose one 
particular variable, the variance of individual returns, or the 
. "own" variance. 
The own variance is chosen because of the well-known 
correlation between average returns and own variance. The total 
variance would not affect expected return if the APT is valid. It 
is simply because its diversifiable component will not be priced 
in equilibrium and its non-diversifiable part would be captured 
by the common factors. However, a possible source of the effect 
of the own variance on expected return is skewness in the distri-
bution of individual returns. Positive skewness can create posi-
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tive dependence between the sample mean and sample variance and 
conversely for negative skewness. Therefore, we have to minimize 
the effect from skewness when we preform our second test on the 
APT. A procedure which can be used to reduce the effect of skew-
ness is to estimate each parameter from a different set of obser 
' vations. We use observations 1, 7, 13, 19 to estimate the 
expected return, observations 3, 9, 15, 21 to estimate the 
factor loadings, and"-5, 11, 17, 23, to estimate the own 
variance, Sj = " l::_1[(Rjt-Rj)2/T], After correcting the skewness 
in the distribution of individual return, we can run a simple 
D.L.S. cross-sectional regression on the following model _ : 
- .- .. ---- .. - - -
Rj-Ao+Alblj+' · · +A J::1kj+A sSj+Uj , 
j= 1, ... , 32 
where Rj is the sample arithmetic mean return for security j, bkj 
is security j's loading on factor k, the A 's are the regression 
coefficients. Sj is individual asset j's total standard deviation 
of daily return during the sample period and Uj is a residual. 
This can yield an influence whether the "own" variance have any 
significant effects in determining the expected return. However, 
due to the same deficiency stated in the former test, we apply 
the same procedure in test 2 as we did in test 1. We use observa-
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tions 1, 7, 13, 19, ... to perform the cross-sectional regression 
on the following model : 
Rjt-AO t+A1tPlj+' · · +AKt?Kj+A stSj+Ujt , 
j = 1, ... , 32 
t = 1, 7, 13, 19 
This yields time series data of 
/:0 
Ast, which ~ represent the effect 
of "own" variance. The time series of 
f!!-
Ast is used to compute a 
standard error for the mean value, i.e. for r-~t~st/T 
in order to test for the significance of an "own" variance ef-
fect. 
The third test we will perform concerns the question on 
which of the models, CAP M or APT, is specified more correctly? 
In answering this, we first perform a covariance analysis on the 
return matrix in order to find the COV(Rj , RHSI) and Var(RHSI). 
Rj is the return on security j and RHSr -is the return of the Hang 
Seng Index which is used as a proxy for the market portfolio. 
Since B.-Cov(R.,RHSI) /Var(RHSI), 
J J 
therefore we can find the CAPMBeta for different asset j. 
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Secondly, we calculate the mean returns of every two even 
day returns, Rj, and then running a cross-sectional regression 
.: R.-r o+r~Bj+ej' 
J ____ _ 
j=l, ... , 32. 
Therefore , we can generate a time series of the estimated ex-
pected returns which is generated by the CAPM, 
( ~j' CAPM, j = 1, ... , 32 ) 
Thirdly, we use the even day returns to estimate the 
factor loadings, and then we regress theRj obtained in th.e above 
stage on the factor loadings. Therefore we obtain a time series 
'" of the estimated expected return of the APT i.e. ( rj APT. j= 
I, .32 ) 
Finally, since the APT and the CAPM are two unnested 
linear models. therefore, we can use the J test suggested by 
Davidson and Mackinnon (7). The J test procedure requires us to 
regress the mean return on the factor loadings of APT and the 
predicted value of expected return generated by the CAPM. That 
is to say, we perform the following regression model 
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If the APT is specified correctly relative to the CAPM, then the 
true value of a is equal to zero. We estimate the mean and 
standard error of ~ directly from its time series. We can 
obtain this by performing the above regression in sub-intervals. 
-Each interval contains five (even) days. By the mean and the 
standard error of« We can simpl~ test whether a-a by using 
the t-test. We have to note that the t statistics form the above 
regression is conditional on the truth of the APT, not on the 
truth of the CAPM. Therefore, for completeness, we reverse the 
role of the APT and the CAPM in the above regression. .It is to 
say, we regress the mean return on the CAPM Beta and predicted 
value generated by the APT. When this is done, it is conceivable 
that both hypotheses may be rejected, or that neither may be 
rejected, or that one may be rejected and the other may not be. 
However, the J-test procedure is really designed for testing 
model specification, not for choosing among the competing models. 
Therefore, in order to compare the ability in explaining data of 
the APT and the CAPM. We have to perform a direct test between 
them and that is the central idea of Test Four. 
The final test we will perform is a direct test of APT 
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against CAPM(8}. If the CAPM is not misspecified, the expected 
return of asset i would be captured by Bi and the residual would 
behave as the white noise. If the CAPM is misspecified and the Bi 
does not capture all the information about expected return. The 
remaining part will be contained in the residual. If there is 
another model which can capture this part of information, then 
the residual will be priced by that model. In order to compare 
the performance of CAPM and APT, we run a regression with the 
CAPM residual as the dependent variable and the factor loadings 
of APT as the independent variables. For completeness, we also 
regress the residual from APT on the CAPM Betas. Both of the 
residuals are calculated from the even day returns. For the CAPM 
to be better, the beta must be able to capture all the priced 
information and render all the factor loadings insignificant in 
explaining the CAPM residual. On the contrary, if the APT is 
better in capturing the price information, then the CAPM betas 
should not have any explanatory power in explaining the APT 
residual. 
Although the above tests involve the comparison between 
the CAPM and the APT, the acceptance of APT does not mean that we 
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reject the CAPM. They are dependent on different assumptions and 
these assumptions are not mutually exclusive to each other. They 
are just different measurements of the systematic risk. We accept 
the APT simply because it is better in explaining the data. In 
-other words, in explaining the cross-sectional variation in ex-




(l)The adjusted data are supplied by Compuserve Consultants Ltd. 
(2)Chan P.M. (1990) pp.8 
(3)Roll and Ross (1980) PP.1086-1087 
(4)Roll and Ross (1980) PP.1087 
(5) Roll and Ross (1980) PP.l089-1093 
(6)Roll and Ross {1980} PP.1093-1098 
(7)Davidson and Mackinnon (1981) PP. 781-783 
(8)Chen, N.F. (1983) PP. 1402-1405 
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Chapter Four Empirical Results 
In test 1, we use the maximum likelihood method to 
determine the number of factors and the factor loadings. We in-
clude more factors than necessary, since we can use the regres-
'sion method to determine the right number of factors. The reluc-
tant factors will not be priced under the regression analysis. 
However, if we retain too few factors during the maximum likeli-
hood stage, we have to bear the risk that some priced factors are 
excluded from our analysis. Under the null hypothesis that 5 
factors are sufficient to represent the data set, we obtain a 
chi-square statistic equal to 561 and the corresponding degree 
of freedom is 346. Therefore, five factois are retained from the 
maximum likelihood stage. We have to note that five factors is 
the maximum number of factors we can have, since for a number of 
factors greater than 5, the communality is greater than 1. It 
follows that maximum likelihood method will break down for a 
number of factors larger than 5. In completing our test, we use 
the daily return as the dependent variable and use the factor 
loadings as the independent variables. We then perform a cross-
sectional regression for each day. From the time series of the 
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estimated coefficient, only the coefficient corresponding to 
Factor Two is significantly different from zero at 2% level of 
significance. Other coefficients are not significantly different 
from zero even at 50% level of significance. The statistics are 
summarized in table 1. However, since the alternative hypothesis 
is just that at least one risk premi~m is not equal to zero, 
therefore, we can confidently reject the null hypothesis that all 
the risk premia are equal to zero and accept the alternative 
hypothesis. However, our result is quite different from the 
previous work ( Roll and Ross ). They usually find three to five 
factors which are priced significantly different from zero .. 
Nevertheless, our result still confirm to the APT. 
In conducting test 2, we first notice that the mean 
even day return is highly correlated with the variance. We per-
form a simple · OLS between' the variance and the mean return. We 
find that the variance effect is very significant(see table 2).We 
also perform a simple OLS between the variance and the skewness 
and find that they are highly correlated (see table 2). However, 
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we find that the correlation between skewness and mean return is 
not so obvious (see table 2). Therefore, we suspect that the 
skewness does not create a positive or negative correlation 
between the mean return and variance. In other words, we may not 
need to correct for the skewness in our model. Therefore, it is 
possible to conduct test 2 simply by regressing the mean return 
directly on the factor loading, in our case factor 2, and on the 
variance. 
We apply maximum likelihood method on observations 3, 9, 
15, 21, and four factors have been retained. We preserve 
the second , third and the fourth factor after preforming the 
regression analysis. The factor loadings and the t-value of the 
coefficient associate with the factor loadings are reported in 
table 3. However, we find that the t-value is smaller in compar-
ing with the result in test 1. Although Factor 2 is still the 
most significant factor, the coefficient corresponding to it is 
only roughly significant at 30% level of significance. We use 
these factor loadings and the variance calculated from observa-
tion 5, 11, 17, 23 ... as independent variables and use the mean 
return on 1, 7, 13, 19, ... as dependent variable. We perform the 
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regression analysis and find that the own variance effect is very 
insignificant (see table 4). We also directly regress the return 
on 1,7,13,19 ...... on the factor loadings and their own vari-
-ances. From the time series of the estimated parameter corre-
sponding to the own variance, we found that the own variance 
effect is also very insignificant(see table 5A). We also found 
that the estimators associated with the factor loading are quite 
robust since even if we drop the own variance in our empirical 
model, their values still remain roughly the same (see tgble 5B). 
Although the factor loadings in explaining the variation in 
return is better than the own variance, in the above two tests . 
their effects are only significantly different from zero at 30% 
level of significance. If we do not correct for the skewness, we 
find that the factor loading is very significant in explaining 
the variation in the cross-sectional mean returns while the 
effect of the own varianc~, on the contrary, is very insignifi-
cant. The resulting statistics are in table 6. As a result, 
we conclude that the APT is correct in the presence of other 
hypothesis. In other words, the APT can account for the own 
variance effect. 
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In test three, we apply the maximum likelihood method 
on the even day returns and four factors have been retained. 
After we regress the even day returns on the factor loadings, the 
first and the second factors are preserved. Factor two is still 
the most significant factor (see table 7B). The predicted return 
generated from the APT, fAPT is calculated from the above proce-
dure. We also calculated the CAPM Beta which is reported in table 
6B. As in other previous work, the real estate sector usually has 
a Beta greater than 1 and the Banking sector have a Beta less 
than 1 (see table 8C). We also use these Beta to generate the 
predicted return of the CAPM, ~CAPM. From the results, both theO 
of the rAPT and that of rCAPM are all significantly different 
from zero. Therefore, the J test tells us that both the APT and 
the CAPM have model specification errors relative to each other. 
As a result, we cannot judge whether the APT is better specified 
in the presence of the CAPM or not from the model specification 
criterion. The resulting statistics are summarized in Table 9. 
Since b6th the APT and the CAPM explicitly or implicitly assume 
that returns are generated by a linear process (see Chen (1983)), 
they all postulate that expected returns are linearly 
related to the CAP M Beta or the factor loadings. 
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However, the return generation process may not be the one as we 
assumed. If this is true, the relationship between expected 
return and the independent variables may not be linear or some 
important variables may be omitted. Therefore, it seems likely 
that they both have their own model specification errors. 
Finally, in test 4, we find that the factor loadings 
can significantly explain the residual of the CAPM, say RCAPM. 
However, the CAPM Beta do not have any explanation power in 
explaining the residual of the APT, i.e. RAPT. Both the RCAPM and 
RAPT are obtained in test 3 and the result of this test is re-
ported ' in table 10. As a result, we can conclude that the "APT can 
account for some systematic risk which cannot be captured by the 
CAPM. Therefore the APT is better than the CAPM in measuring the 
systematic risk. 
We can summarize the empirical findings in four 
points. Firstly, there exists definitely one common factor in the 
return generation process. No matter which subset of our data set 
we choose, we always find that factor 2 is significant in ex-
plaining the variation in the expected returns of different 
assets. Although we only find one common factor, we should not 
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misinterpret it as the CAPM market factor. They are in fact two 
distinct concepts. Secondly, after we account for the effect of 
the common factor, we find that the own variance effect does not 
contribute any additional explanatory power to that of the factor 
loadings. Thirdly, we cannot find evidence to support that the 
model specification of the APT is better than the CAPM. It seems 
that they all have model specification errors in the presence of 
the other. Lastly, the APT has better performance in measuring 
the systematic risk than the CAPM. We find that the factor load-
ings can account for more systematic risk than the CAPM. 
In interpreting our empirical results, we have to pay 
attention on the following two points. Firstly, some of the 
assumptions behind our empirical model are not fulfilled in the 
actual world. The proportion of institutional investors still 
remain low in our market and individual investors dominate the 
stock market(l). Therefore, the transaction costs associated 
with the trading may be quite significant to these individual 
traders. Besides ,short selling of stocks is still 
illegal in Hong Kong. Although investors can make use of 
the index future market to hedge against risks, it is not a 
convenient and efficient way to do so. Under the current regula-
tions, investors who hold stocks can sell index futures contracts 
to hedge. But investors who have bought futures contracts cannot 
short sell stocks for the same purpose (2) . Because of the re-
striction in short selling and the transaction cost involved in 
trading stocks, individual investors may find it quite difficult 
to take arbitrage positions. Theref9re, our stock market is not 
as efficient as the stock market in United States. Some empirical 
findings in Hong Kong even conclude that weak-form market effi-
ciency does not hold in our market. (see Law(1982), Wong and 
Kwong(1984)). In the other words, if return is higher than the 
expected level, it will take some time to drive out the abnormal 
profit. As a result, 
often in our market. 
arbitrage opportunities may exist quite 
Apart form this, since it is difficult for individual 
traders to form well diversified portfolios. We suspect that not 
all of the unsystematic risks can be diversified away. There-
fore,not only the systematic risk, but also the unsystematic have 
aB 
influence in determining the expected return. In addition to 
this, since our market is rather small relative to that of United 
State, Japan, Uni ted Kingdom in terms of capi talization and 
family control is quite common here, most securities are not held 
and traded by many investors {3} . In other words, not all 
stocks in Hong Kong are marketable. Since a lot of the assump-
tions are violated in the real world, it follows that the empiri-
cal relationship between risk and returns suggested by the APT or 
the CAPM may not hold as they should in theory. Although the 
assumptions imposed are an idealization, it is introduced to 
simplify the analysis. Besides, an ideal model provides us a 
benchmark against which actual market can be compared. Unless we 
understand how the idealized market works, we cannot possibly 
understand how the more complex market works{4}. After all, we 
have to remember that we should base our test on the conclusions 
of the theory rather than the assumptions in deriving them. 
The second point we have to consider is the special 
6S 
feature of our market. Our economy is heavily dependent on inter-
national trade, the value of the total real exports of goods and 
services amount to 363.8 billion Hong Kong dollars whereas the 
real GDP in 1988 was about 246 billion Hong Kong dollars. Since 
our major trade partners are United State, China, Japan and U.K., 
economic conditions in these countries will definitely affect our 
economic performance. It follows that we may make use of the 
industrial production rate in these countries and the exchange 
rate to measure the common factor in the return generation proc-
ess. Besides, the history of our stock market tells us that it is 
easily affected by political events in our neighboring coun-
tries, especially mainland China{5} e Political events occurring 
in the North affect the stability of our community and influence 
our performance. If we do not have the confidence in the stabili-
ty of Hong Kong, then it is natural that the value of all assets 
located in here will decline. The reason is simply that the 
expected income stream of these assets will be lower and inves-
tors do not have the incentive to hold them. As political risks 
affect the whole stock market, therefore, we can classify it as 
systematic risk. During our sample period, the stock market 
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performance was heavily influenced by political uncertainty 
of Hong Kong. The most significant example is the June 4 event. 
Therefore, the political risk may be quite significant in this 
sample period. As a result, although we do not intend to identi-
fy the common factor in our work, we suspect that the common 
factor we found may represent the combination effects of the 
industrial production rate, exchange rate as well as the politi-
cal risk. 
-
Lastly, since the whole sample period is within a bear 
time. The Hang Seng Index in 1/12/87 was 2108.55 and it was only 
up to 2997.98 in 31/3/90. The variation of the stocks' return was 
not so obvious after crash. If we can perform our test in a 
longer time series and can cover more stocks, then we may have 
. much better results. 
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TABLE 1 
Sumarized statistics of Test One 
Rjt = Xo + X1b1j + X2b2j + X3b3j +X4b4j + X5b5j + Uj , 
j = 1 , 2 , . . . , 32 
t = 1, 2 , . . . , 577 
-
estimated degree 
coefficient t-value of freedom 
Xl = 0.0002 0.12 575 
-
X2 = 0.0031 2.36 575 
X3 = 0.0008 0.48 575 
X4 = 0.0005 0.33 575 




The effect of varlance and skewness ln explaining the return 
(A) Rj = a + bVarj + Uj 
degree 
estimator b t-value of freedom 
0.7702 2.098 31 
(2.042) 
(B) Rj = a + bSkewj + UJ 
degree 
estimator b t-value of freedom 
- 0.0010 -0.915 31 
(-2.042) 
(C) Varj = a + bSkewj + Uj 
degree 




A, Band C are the regression model and the number within the 
bracket is the critical t-value at 5% level of significance with 




Summarized statistics of the Maximum Likelihood stage of Test 2 
Chi-square = 384149 
degree of freedom = 374 
these value are under the null hypothesis 
that 4 factors are sufficient in representing 
the data set 
TABLE 3B 
The simple test on the APT using observations 3,9,15,21 ... 
Rjt = Xo + X1b1j + X2b2j + X3b3j + X4b4j + Uj 
] = 1, 2 , . . . , 32 
estimated degree 
coefficient t-value of freedom 
Xl = -0.0026 -0.35 93 
X2 = 0.0017 0.97 93 
X3 = -0.0013 -0.80 93 




The result of test two with correction of skewness and using the 
mean return as dependent variable. 
.; 
Rj = XO + X2b2j + X3b3j + X4b4j + XsVarij + Uj 
j = 1 , 2 , 3 , . . . . . . , 32 
estimated degree 
coefficent t-value of freedom 
X2 = 0.0021 1.131 28 
X3 = -0.0015 -0.702 28 
X4 = 0.0010 0.585 28 
. 
XS = -0.5490 -0.374 28 
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TABLE 5A 
The results of test two with correction of skewness 
Rjt = XO + X2b2j + X3b3j + X4b4j + XsVari + Ujt 
j = 1 I 2 I . . . , 32 
t = 1, 7 , 13, 19 . . . 
estimated degree 
coefficient t-value of freedom 
X2 = 0.0021 1.09 93 
X3 = -0.0015 -0.97 93 
-
X4 = 0.0097 0.80 93 
X5 = -0.5486 -0.14 93 
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Table 5B 
Rjt = Xo + X2b2j + X3b3j + X4b4j + Ujt 
j = 1 , 2 , 3 , . . . . . . , 32 
t = 1 , 7 , 13, 19 . . . . . . 
estimated degree 
coeefficient t-value of freedom 
X2 = 0.0020 1.34 94 
X3 = -0.0017 -0.81 94 
X4 = 0.0010 0.72 94 
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Table 6 
The result of test 2 without correction of skewness 
Rj = ao + alb2j + a2 Varj + Uj I Varj is the 
variance of asset j . 
estimated coefficient t-value degree 
of freedom 
--
al=O.0030 4.496 29 
(2.045) 
-
a2=0.4410 1.490 29 
The value inside the bracket is the critical t-value at 5% 
level of significance 
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TABLE 7A 
Result of the Maximum Likelihood stage in Test 3 
Ho 4 factors are sufficient in representing the data set 
Chi-square = 487.778 
Degree of freedom = 374 
TABLE 7B 
The test on the APT using observation 2,4,6, ... ,576 
Rjt = Xo + X1b1j + X2b2j + X3b3j + X4b4j + Uj , 
-
j = 1 , 2 , . . . 32 , 
estimated degree 
coeficients t-value of freedom 
Xl = 0.0019 0.82 284 
a(0.842) 
X2 = 0.0024 1.60 284 
b(0.645) 
X3 = 0.0006 0.31 284 
X4 = 0.0010 0.58 284 
a) critical t-value with level of significance = 40% 
b) critical t-value with level of significance = 10% 
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TABLE 8A 
CAPM BETAS CALCULATED FROM EVERY DAY RETURNS 
Bi = Cov( Ri, Rm )/Var( Rrn ) 
i = 1 , 2 , . . . , 32 
Rrn = Return of the Hang Seng Index 
B1 0.860682 B12 1.136101 B23 0.722973 
B2 0.757400 B13 0.722973 B24 1.652510 
-B3 1.170528 B14 0$585264 B25 0.826255 
B4 1.273810 B15 0.860682 B26 1.136101 
B5 0.757400 B16 1.067246 B27 1.273810 
B6 0.895110 B17 0.757400 B28 1.377092 
B7 1.686937 B18 1.377092 B29 1.101637 
B8 1.067246 B19 1.283810 B30 1.136101 
B9 1.445946 B20 1.308237 B31 0.929537 
4 
B10 0.722973 B21 1.204955 B32 1.377092 
B11 1.445946 B22 1.273810 
BO 
TABLE 8B 
CAPM BETA CALCULATED FROM THE EVEN DAY RETURNS 
B1 0.735478 B12 1.225797 B23 0.735478 
B2 0.735478 B13 0.735478 B24 1.618052 
B3 1.176765 B14 0.637414 B25 0.882574 
B4 1.323861 B15 0.735478 B26 1.029670 
B5 0.686446 B16 1.078701 B27 1.323861 
B6 0.833542 B17 0.833542 B28 1.372893 
B7 1.667084 B18 1.225797 B29 1.029669 
-B8 0.980638 B19 1.274829 B30 1.225797 
B9 1.372893 B20 1.274839 B31 0.833542 
B10 0.784510 B21 1.176765 B32 1.372893 
B11 . 1.372893 B22 1.372893 
Table 8C 






















Dairy Farm Int'l 
Great Eagle Hldg 
HongKong Aircraft 
Hang Lung Dev. 
Hang Seng Bank 
Henderson Land land 
Hong Kong Hotels 
Hong Kong Bank 
Hong Kong Electric 
HK and China Gas 
























Kowloon Motor Bus 
Lai Sun Int'l 
Mandarin Oriental 
Miramar Hotel-
New World Dev Dev 
Sun Hung Kai Prop 











XZbZJ ) + a. ~jCAPM RJ = (1 - + 
. -
estimated coefficient t-value Degree of freedom 
a. = 1.0004 722.46 54 
-
(2.660) 
Rj - (l-a) (ao+a1B) +afjAPr 
-
estimated coefficient t-value Degree of freedom 
a. = 0.5320 13.06 54 
(2.660) 
The value 1ns1de the bracket lS the cr1t1cal t-value w1th 




Summarized statistics of Test 4 
(A) RCAPM = ao + a1b1 + a2b2 + U 
estimated 
parameters t-v9- lue 
a1 = -0.0005 -0.43 
a2 = 0.0015 1.7 
-(1.64) 
1>. 
the number within the bracket is the critical t-value at 
10% level of significant and degree of freedom = infinitive e 
(B) RAPT = bo + b1B + U 
estimated 
parameters t-value 




(1) Securities Journal Feb. 1990 pp.18 
(2) Ibid. 
(3) Chan P.M. (1990) pp .. 14 
(4) Jarrow R.A. (1988) pp.19 
(5) Wong. K.A. (1988) pp.57-79 
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CHAPTER Five CONCLUSION 
The main implication of the APT and the CAPM is that, 
under efficient market condi tions, investor should not bear 
unsystematic risk since this can be diversified. It is only the 
systematic risk which will be priced in the capital market. Both 
the CAPM and the APT offer a method in measuring the systematic 
risk. The CAPM uses the Beta value to reflect the influence of 
the systematic risk on t~e expected return while the APT uses the 
factor loadings to capture this effect. The CAPM states that in 
equilibrium, E(R j } = aRf + bB j , on the other hand, the APT points 
out that E(R j } = Xo + ~:1 Xibij in equilibrium. It is theoreti-
cally hard to determine which model is better since they are 
derived from quite different assumptions. In fact, we can classi-
fy the CAPM as a mean-variance efficient model .The main results 
of APT on the other hand, do not depends on the mean-variance 
assumption at all. The major assumption of the APT is that no 
arbitrage opportunities exist. In term of testability, the CAPM 
is not testable and the equilibrium version APT is potentially 
testable. 
By using 32 Hong Kong stocks data, the empirical 
Ba 
results support the APT against both an unspecified alternative 
hypothesis (test 1) and the specific alternatiye hypothesis (test 
2) that own variance has an independent explanatory effect on 
expected return. Therefore based on the empirical evidence 
gathered so far, the APT cannot be rejected in favor of any 
~lternative hypothesis~ Test 3 reveals that neither the APT nor 
the CAPM is better in model specification in the presence of the 
other. From the result of test 4, the APT performs very well 
against the CAPM as implemented by the Hang Seng Index. The APT 
can capture more systematic risk and therefore it is better than 
the CAPM in measuring the systematic risk. Therefore, the APT is 
a reasonable model for explaining cross-sectional variation in 
asset returns. 
Lastly, of course, effort should be directed towards 
identifying a more meaningful set of sufficient statistics for 
the underlying factors (see Chen, Roll and Ross(1986)). While 
this is not a necessary component of" tests of the APT and there-
fore we do not include it in our analysis, it is an interesting 
and worthwhile pursuit of its own. 
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